mere presence of the activation domain because of its small size (about 6% of the total mass) relative to the CRSP complex. Further, we have mapped the VP16 and SREBP-1a binding sites to comparatively small and distinct regions on the CRSP complex. This provides direct evidence that only a limited number (one or perhaps two) of CRSP subunits are targeted by a particular activator. Because VP16-CRSP and SREBP-CRSP are conformationally distinct in regions distal to the activator binding sites, we suggest that activator binding may induce longrange conformational changes. Thus, different protein surfaces in CRSP are likely exposed as a consequence of activator binding.
mere presence of the activation domain because of its small size (about 6% of the total mass) relative to the CRSP complex. Further, we have mapped the VP16 and SREBP-1a binding sites to comparatively small and distinct regions on the CRSP complex. This provides direct evidence that only a limited number (one or perhaps two) of CRSP subunits are targeted by a particular activator. Because VP16-CRSP and SREBP-CRSP are conformationally distinct in regions distal to the activator binding sites, we suggest that activator binding may induce longrange conformational changes. Thus, different protein surfaces in CRSP are likely exposed as a consequence of activator binding.
The conformational flexibility of the CRSP coactivator may have important implications for its mechanism of action. CRSP and its related coactivator complexes appear to be generally required for transcription and are targeted by a diverse array of regulatory proteins (22) . Interestingly, different transcription activators can target different subunits of the CRSP complex (3, 9, 20, 21) . Thus, despite binding the same coactivator complex, regulatory proteins may impart promoter-specific functions that may be dependent on CRSP conformation. For example, specific activator-induced CRSP conformations may regulate binding and recruitment of additional activators or cofactors to the preinitiation complex (Fig. 5) . Furthermore, these conformational changes may trigger other (as yet undiscovered) enzymatic activities within the CRSP coactivator. Indeed, adopting a number of activator-dependent conformations may enable CRSP to perform more specialized roles in transcriptional activation. Elucidation of these roles will be an important subject of future work. We used the natural abundance of stable isotopes (carbon and hydrogen) in the feathers of a neotropical migrant songbird to determine where birds from particular breeding areas spend the winter and the extent to which breeding populations mix in winter quarters. We show that most birds wintering on western Caribbean islands come from the northern portion of the species' North American breeding range, whereas those on more easterly islands are primarily from southern breeding areas. Although segregated by breeding latitude, birds within local wintering areas derive from a wide range of breeding longitudes, indicating considerable population mixing with respect to breeding longitude. These results are useful for assessing the effects of wintering habitat loss on breeding population abundances and for predicting whether the demographic consequences will be concentrated or diffuse.
In recent decades, many species of neotropical migrant birds have shown marked changes in abundance-both increases and decreases-in parts of their North American breeding range (1, 2). These changes may be due to events occurring in the breeding In this model, activators play a dual role in transcriptional activation. First, they recruit the CRSP coactivator to the promoter. Second, they induce conformational changes in the CRSP complex, which may facilitate transcription initiation by recruiting/stabilizing other cofactors and components of the preinitiation complex, including RNA polymerase II. Certain CRSP interactions may be activator-specific. However, upon binding additional ARC-L subunits (which may occur on activator-bound CRSP following multiple rounds of activated transcription), CRSP undergoes a structural change that may also result in dissociation of CRSP70. Now converted to ARC-L, coactivator function is lost and activated transcription is inhibited. The location of ARC-L-specific polypeptides (red) is based upon analysis detailed in Fig. 3D . The orientations of the complexes at the promoter are speculative. VP16 is shown in quotation marks because it does not directly bind DNA.
grounds, in the wintering grounds, or during migration (3) . Because these birds migrate long distances and are not easy to track yearround, it is difficult to determine at which points in the annual cycle their populations are most vulnerable (3). It is thus necessary to develop methods for differentiating among populations, for determining where birds from particular parts of the breeding range spend the winter, and for estimating the degree to which individuals from different breeding areas mix with individuals from other breeding areas in their wintering quarters (4, 5) .
Determining how birds mix on the wintering grounds will be particularly important for understanding how wintering habitat loss could affect abundances of breeding birds (4) . Stable isotopes can be used to examine such potential links between the breeding and wintering ranges of migratory species (6) (7) (8) (9) (10) (11) . We used carbon and hydrogen isotopic ratios in the feathers of a neotropical migrant bird species to identify where individuals in particular wintering locations breed (breeding origins) and to assess whether individuals from different breeding areas co-occur in local wintering sites ( population mixing). We described the isotopic patterns in feathers collected from almost 700 blackthroated blue warblers (Dendroica caerulescens) throughout the species' breeding range in temperate North America and its main wintering range in the Greater Antilles ( Fig. 1) (12) . We then used the breeding ground isotopic patterns to build models from which we infer connections between the breeding and wintering ranges of this long-distance migrant.
In birds, the isotopic ratios of carbon and hydrogen (the nonexchangeable portion) are fixed permanently into inert keratin tissues such as feathers, and they reflect a bird's diet and the local environment in which it grew those tissues (13) . For insectivorous birds such as the black-throated blue warbler, isotopic ratios in feathers reflect those of the insects they eat, which in turn reflect those of the plants on which the insects have fed (14) . The isotopic ratios are fixed in the feathers at the time of molt, which for many migratory passerines, including the black-throated blue warbler, occurs in late summer on or near breeding locations (12) . Because isotopic ratios show natural patterns of geographic variation (15), they provide useful markers for identifying breeding localities and, ultimately, for determining links between breeding and wintering sites (6) .
Carbon and hydrogen isotopic ratios (expressed as ␦ 13 C and ␦D values, respectively) in black-throated blue warbler feathers vary systematically along a latitudinal gradient throughout the species' breeding range in temperate North America (6, 15) . We determined the ␦ 13 C and ␦D values (16) of feathers collected from black-throated blue warblers (17) at 10 sites that span the species' breeding range in temperate North America, as well as at 11 sites on four islands across the species' wintering range in the Greater Antilles ( Fig. 1) (18) . ␦ 13 C and ␦D values in black-throated blue warbler feathers decrease with increasing breeding latitude in the temperate North American breeding grounds (Fig. 2, A and B) (19) . In the Greater Antillean wintering grounds, isotopic ratios in black-throated blue warbler feathers also show a strong geographic pattern, with ␦ 13 C and ␦D values in feathers decreasing from Puerto Rico to Cuba (Fig. 2, C and D) . Thus, ␦ 13 C and ␦D values decrease from east to west-that is, with increasing longitudewithin the wintering range of this species.
We used these geographic patterns in breeding ground isotopic signatures to develop a regression model that predicts breeding latitude (breeding origins) of wintering warblers based on ␦ 13 C and ␦D values in their feathers (20) . Results indicate that more birds from the northern portion of the breeding (12) . Sampling locations in the breeding grounds and wintering grounds are indicated by black circles. In the Greater Antilles, samples were collected from individuals wintering in Jamaica (six sites in central and western portions), in Cuba (one site on a small cay, Cayo Coco, 15 km off the north-central coast), in Hispaniola (two sites in the Dominican Republic near the border with Haiti), and in Puerto Rico (three sites near the eastern end). range winter on the westerly islands of Cuba and Jamaica, whereas more birds from the southern portion of the breeding range winter on the easterly islands of Hispaniola and Puerto Rico (Fig. 3, A and B) . Thus, blackthroated blue warblers appear to segregate on the wintering grounds with respect to breeding latitude.
We developed a second model (21) that relates breeding longitude to isotopic ratios in the feathers of birds collected from the four most northerly breeding populations, which span ϳ26°of longitude (Fig. 1) . We then used this model to estimate the range of breeding longitude values represented in feathers collected from local wintering sites. We constrained our analysis to only those feather samples from wintering birds that had previously been identified as coming from the northern portion of the breeding range (Fig. 3) (20) and to those wintering sites (four on the westerly islands) with sample sizes of Ն10 individuals. The predicted breeding longitudes of these wintering birds ranged from 65.9°to 82.5°W at Cayo Coco, Cuba (n ϭ 25); from 70.1°to 87.1°W at Baronhall Estates, Jamaica (n ϭ 10); from 69.3°to 89.8°W at Font Hill Nature Preserve, Jamaica (n ϭ 15); and from 73.5°to 85.0°W at Portland Ridge, Jamaica (n ϭ 13). Thus, individuals wintering at these four sites came from breeding areas spanning an average of 16.4°o f longitude, or 63% of the ϳ26°of longitude over which this species breeds in temperate North America (Fig. 1) . The predicted latitudinal range for these same individuals was 4.6°, or 27% of the ϳ17°of latitude over which this species breeds (Fig. 1) . Thus, black-throated blue warblers in local wintering sites are well mixed with respect to breeding longitude, even though they tend to be segregated with respect to breeding latitude. Because the southern portion of the breeding range covers only a narrow longitudinal range, it was not possible to do a comparable analysis for birds wintering on the easterly islands.
Studies of other migratory songbird species have found morphological (22) and behavioral (23) evidence for segregation on the wintering grounds by breeding region, as well as morphological (24) and isotopic (10) evidence suggesting mixing of breeding populations at wintering sites. Our results from a single species sampled across its entire breeding and wintering ranges illustrate that wintering populations can be segregated with respect to one axis of their breeding distribution (latitude) even while they are mixed with respect to another (breeding longitude). Future research must determine whether other migratory species exhibit similar regional patterns of segregation on the wintering grounds, and whether their wintering populations also tend to be mixed differentially with respect to breeding latitude and longitude.
Understanding patterns of migration has important implications for the conservation of songbirds and other migratory species. Because black-throated blue warblers appear to segregate by breeding latitude on the wintering grounds, the changes in breeding abundance (2) could, in part, be a consequence of the variable rates and geographic scope of habitat loss incurred on the different Greater Antillean islands. According to our results, habitat loss in Cuba or Jamaica should have had diffuse effects on our study species' abundance throughout the northern portion of its breeding range, but similar loss in Hispaniola or Puerto Rico should have had more concentrated and visible effects on abundances in the relatively narrow southern portion. In fact, breeding bird survey data from the past 30 years indicate declines in black-throated blue warbler abundance in the southern breeding areas-particularly at the southernmost extreme-and little change, or even increases, in abundance throughout much of the northern breeding range (2) . Furthermore, the most extensive deforestation in the Greater Antilles (Ͼ97% of forestland) has occurred in Haiti (25) , which lies on the island of Hispaniola. Our results connecting a high proportion of birds from the southernmost portion of the breeding range to the island of Hispaniola suggest a possible correlation between this severe wintering habitat loss and the sharpest breeding population declines. Understanding such geographic links between the breeding and wintering ranges and ultimately their relation to demographic trends is necessary to develop satisfactory models of songbird population dynamics (5) . Only by considering events throughout the entire annual cycle can wellinformed decisions be made about how best to conserve and manage declining populations of migratory birds. 15 . ␦ 13 C values vary in plant tissue because of isotopic fractionation in the different photosynthetic pathways of C 3 , C 4 , and Crassulacean acid metabolism plants (26, 27) , as well as because of temperature differences that limit enzymatic reactions during photosynthesis and affect water use efficiency (27) . These processes contribute to latitudinal and altitudinal trends in ␦ 13 C values in plant tissues (28, 29) and ultimately in animal tissues because of the input of this fractionated carbon from plants into the food web (14) . In temperate North America, ␦
13 C values tend to decrease with increasing Fig. 3 . Breeding latitudes of wintering blackthroated blue warblers predicted from a regression model (20) . (A) Population mean (ϮSE) predicted breeding latitudes from birds sampled at different wintering longitudes in the Greater Antilles (Fig. 1) . Sample sizes are indicated next to each site. Predicted breeding latitude increases with increasing wintering longitude (F 1,7 ϭ 47.99, P ϭ 0.0002, r 2 ϭ 0.87). (B) Predicted breeding latitudes of individuals sampled on islands in the western wintering range (solid horizontal lines) and on islands in the eastern wintering range (dotted horizontal lines) (C, Cuba; J, Jamaica; H, Hispaniola; PR, Puerto Rico). The dashed line divides the northern and southern portions of breeding range at 42.9°N, the midway point between the northernmost sampling location in the southern portion and the southernmost sampling location in the northern portion (Fig. 1) . Diamonds indicate the mean predicted breeding latitudes for each island. A greater proportion of birds from the northern portion of the breeding range winter on the more westerly islands, whereas a greater proportion of birds from the southern portion of the breeding range winter on the more easterly islands ( 2 ϭ 58.44, df ϭ 1, n ϭ 144, P Ͻ 0.0001).
latitude (6) and increase with increasing altitude (29) . ␦D values in precipitation and surface waters [and ultimately in plant and animal tissues (14) ] vary as a function of latitude, altitude, season, and distance inland (30, 31) . ␦D values tend to decrease with increasing latitude in a northwesterly direction across North America (6) (7) (8) 14) and decrease with increasing altitude (30, 31) . 16 . Isotopic ratios (R) of carbon and hydrogen are reported in ␦ units: ␦ ϭ [(R sample /R standard ) Ϫ 1] ϫ 1000. ␦ 13 C Ϯ 0.22 per mil (‰), reported as the ratio of 13 C/ 12 C‰ relative to the Pee Dee belemnite standard, was analyzed with online analytical techniques (9) . Mesquite plant standards of known isotopic composition (9) were used to systematically correct all of the online feather values to previously published offline values (6) . ␦D Ϯ 5‰, reported as the ratio of 2 H/ 1 H‰ relative to the Vienna standard mean ocean water standard, of wintering ground samples was analyzed with online analytical techniques (32) . All of the feathers analyzed online for ␦D had remained at one location (Dartmouth College, NH) for at least 4 years and were analyzed over a 5-day period to minimize possible exchange with ambient water vapor. Breeding ground ␦D values were taken from previously reported values run with offline analytical techniques [exchangeable hydrogen was standardized before analysis by means of a high-temperature preparative equilibrium technique (6)]. We analyzed 15 feathers both offline and online. ␦D values did not significantly differ between the techniques (t 15 ϭ 0.77, P ϭ 0.46), so no systematic correction was needed to compare the data sets. 17. The black-throated blue warbler is suitable as a study species because its breeding range covers a wide northsouth gradient of ϳ17°latitude, as well as a wide east-west gradient of ϳ26°longitude across the northern portion of the breeding range (Fig. 1) . It is mainly restricted to continuous tracts of undisturbed deciduous or mixed deciduous/coniferous forest habitat on mountainous slopes or at high elevation, where it feeds primarily on arthropods gleaned from foliage (12) . Because the black-throated blue warbler is restricted almost exclusively to forested habitat, ␦ 13 C in its feathers is not complicated by C 4 crops in agricultural fields (8) . 18 . Breeding ground samples consisted of flank feathers (nine sites) and tail feathers (one site), usually the third rectrix, from juvenile (Ͻ1 year) and adult (Ͼ1 year) male birds. There was no significant difference in ␦ 13 C between flank and tail feathers from within birds (t 27 ϭ 1.36, P ϭ 0.19). Feather samples from NC were not analyzed for ␦D, and different samples from NH were analyzed for ␦ 13 C and ␦D, so samples from these sites could not be used in the regression models (20, 21) . Samples from 8 of 10 breeding sites were collected within a single year (during 1989 -1998), whereas birds from WV were sampled over 2 years and those from NH over 6 years. Although only male feather samples were used in all of the breeding ground analyses, we also examined a group of females from NH. With one exception, there were no significant effects of age, sex (NH only), or year, or their interactions, on ␦ 13 C (WV: F 1,29 Ͻ 3.72, P Ͼ 0.05; NH: F Ͻ 1.76, P Ͼ 0.05, df ϭ 1 to 5 and 58); a significant effect of year for ␦ 13 C in NH (F 5,59 ϭ 4.64, P ϭ 0.002) was due to high values in 1 of 6 years (mean Ϯ SE ϭ Ϫ23.2 Ϯ 0.34 in 1994 versus means of Ϫ24.4 to Ϫ24.9 for all other years). Wintering ground samples consisted of single tail feathers, usually the third rectrix, from juveniles (Ͻ10 year) and adults (Ͼ1 year) of both sexes. Samples from two of the Jamaica sites were not analyzed for ␦D. Each of the wintering sites was sampled in multiple years (1989 -1997) , and years did not differ in isotope ratios (␦ 13 C: F 20,349 ϭ 1.55, P Ͼ 0.05; ␦D: F 12,123 ϭ 0.58, P Ͼ 0.05; year nested within site). 19 . Breeding sites sampled in the southern portion of the breeding range tended to be at higher elevation than those in the north (F 1,8 ϭ 23.74, P ϭ 0.0012, r 2 ϭ 0.75). Although ␦ 13 C tends to increase (28, 29) and ␦D tends to decrease (30, 31) with increasing altitude, the patterns we observed in feathers were due mainly to differences in the latitude of the sampling sites and not in the altitude at which the birds were captured (␦ 13 C: latitude, F 1,266 ϭ 14.62, P ϭ 0.0002; altitude, F 1,266 ϭ 2.57, P ϭ 0.11; interaction, F 1,266 ϭ 2.33, P ϭ 0.13. ␦D: latitude, F 1,129 ϭ 7.33, P ϭ 0.0077; altitude, F 1,129 ϭ 2.62, P ϭ 0.11; interaction, F 1,129 ϭ 2.38, P ϭ 0.13). Furthermore, we sampled birds from over 500 m of elevation at the NC site and found no effect of altitude on ␦ 13 C (F 1,28 ϭ 0.57, P ϭ 0.46, r 2 ϭ 0.02). 20. We fit a regression model using both isotopes as independent variables. Breeding latitude ϭ Ϫ12.55 Ϫ1.95(␦ 13 C) Ϫ0.097(␦D) (R 2 ϭ 0.44, n ϭ 129, P Ͻ 0.0001 for both ␦ 13 C and ␦D). The model correctly predicted breeding latitude to Ϯ3.18°(MSE 0.5 ).
